All manipulations were carried out under a dry argon or nitrogen atmosphere using Schlenk line and glovebox techniques. Solvents including toluene and n-hexane were dried by refluxing with sodium/potassium benzophenone under N2 prior to use. 1,4-dioxane was dried by CaH2 to use. The NMR ( 1 H, 13 C and 31 P) spectra were recorded on Bruker Avance II 400 MHz spectrometer. All mass spectra were recorded on a Finnigan MAT 95 (FDMS and EI-MS) and a Jeol AccuTOF GCX (LIFDI). Elemental analysis was performed with a Vario micro cube instrument. Commercial reagents were purchased from Aldrich, Acros, or Alfa-Aesar Chemical Co. and used as received. Compounds LAlI2, 1 LGaCl2, 2 LInCl2, 2 (L = HC[C(Me)N(Ar)]2, Ar = 2,6-iPr2C6H3) LiP(SiMe3)2, 3 LiAs(SiMe3)2, 4 LiPH2•DME 5 and KAsH2 6 were prepared according to the literatures.
. LIn{As(SiMe3)2}Cl] (4): Toluene (25 mL) was added to the mixture of LInCl2 (60.3 mg, 0.1 mmol) and LiAs(SiMe3)2•2THF (37.3 mg, 0.1 mmol) at room temperature, and the solution was stirred for two days. Then the slightly turbid solution was filtered through diatomaceous earth and concentrated to 5 mL. After keeping at -25 °C for one day, colorless crystals of 4 was obtained in yield of 20 mg (25%). 1 H NMR (400 MHz, C6D6, 298 K, ppm) : δ = 0.07 (s, 18 H, 2 JSiH = 6.8 Hz, Si(CH3)3), 1.10 (d, 6 H, 3 JHH = 6.8 Hz, CHMe2), 1.20 (d, 6 H, 3 JHH = 6.8 Hz, CHMe2), 1.48 (d, 6 H, 2 JHH = 6.8 Hz, CHMe2), 1.49 (d, 6 H, 2 JHH = 6.6 H8z, CHMe2), 1.51 (s, 6 H; , 3 .39 (sept, 2 H, 3 JHH = 6.8 Hz, CHMe2), 3.79 (sept, 2 H, 3 JHH = 6.8 Hz, CHMe), 4.81 (s, 1 H, 6 H; C6H3) . EI-MS: m/z (%) = 788.1 (9) [M + ], 715.1 (1) [M + -SiMe3], 567.1(100) [M + -As(SiMe3)2], 531.2 (6) [M + -As(SiMe3) . Anal. Calcd (%) for C35H59InN2AsSi2Cl (Mr = 788.22): C, 53.26; H, 7.54; N, 3.55. Found: C, 53.59; H, 7.42; N, 3.42 . LAl(PH2)2 (5): Diethyl ether (50 mL) was added to the mixture of LAlI2 (698 mg, 1 mmol) and LiPH2•DME (286 mg, 2.2 mmol) at -30 o C. The temperature was slowly raised up to room temperature and the mixture was kept stirring overnight. After removing the solvent, the residue was extracted with n-hexane (60 mL). After filtration, the filtrate was concentrated and kept -30 o C to give colorless crystals in yield of 162 mg (32%, based on LAlI2). 1 H NMR (400 MHz, C6D6, 298 K, ppm) : δ = 0.74 (d, JPH = 172 Hz, 4 H, PH2), 1.08 (d, 3 , 8.88; N, 5.49. Found: C, 68.26; H, 8.80; N, 5.32 . LIFDI-MS: m/z (%) 477. 3(100) 444.3 (6.59) 
LGa(PH2)2 (6): A solution of LGaCl2 (121 mg, 0.2 mmol) in THF was added dropwise to a suspension of LiPH2•DME (52 mg, 0.4 mmol) in THF at -78 °C, and the mixture was stirred for 5 hours under 0 °C. The solvent was removed under vacuum and the residue was extracted with diethyl ether. After filtration through diatomaceous earth, the filtrate was concentrated to 10 mL. After keeping at -25 °C for 5 days, colorless crystals were obtained in yield of 38 mg (34.3%). 1 H NMR (400 MHz, C6D6, 298 K, ppm) δ = 1.03 (dd, (AB-spinsystem), JPH = 175.7 Hz, 3 JPH = 5.1 Hz, 4 H, PH2), 1.11 (d, 3 JHH = 7 .0 Hz, 12 H, CHMe2), 1.37 (d, 3 JHH = 7.0 Hz, 12 H, CHMe2), 1.52 (s, 6 H, 3.42 (sept, 3 JHH = 6.7 Hz, 4 H, CHMe2), 4.83 (s, 1 H, 7.09 (s, 6 H, C6H3) . 31 P{ 1 H} NMR (126 MHz, C6D6, 298 K, ppm) δ = -262.1 (s). 31 P NMR (126 MHz, C6D6, 298 K, ppm) δ = -262.0 (m, JPH = 178 Hz, 3 JPH = 5.1 Hz). 13 C{ 1 H} NMR (100 MHz, C6D6, 298 K, ppm) δ = 23. 9, 24.8, 25.9, 28.8 (CHMe2, CMe), 124.7, 127.4, 141.0, 144.5 (C6H3), 169.3 (CN) . Anal. Calcd (%) for C29H45N2GaP2 (Mr = 552.23): C, 62.95; H, 8.20; N, 5.06. Found: C, 62.77; H, 8.31; N, 5.35 3, 24.6, 25.3, 28.7 (CHMe2, CMe), 124.8, 127.6, 140.3, 143.6 (C6H3), 172.7 (CN) . LAl(AsH2)2 (8): 1,4-Dioxane (30 mL) was added to the mixture of LAlI2 (349 mg, 0.5 mmol) and KAsH2 (128 mg, 1.1 mmol) at 0 o C. The temperature was slowly raised up to room temperature and the mixture was kept stirring overnight. After removing the solvent, the residue was extracted with n-hexane (40 mL). After filtration, the filtrate was concentrated and kept -30 o C to give colorless crystals in yield of 101 mg (40%, based on LAlI2 C, 58.20; H, 7.58; N, 4.68. Found: C, 58.41; H, 7.48; N, 4.61 .
LGa(AsH2)2 (9): A solution of LGaCl2 (121 mg, 0.2 mmol) in THF was added dropwise to a suspension of KAsH2 (46 mg, 0.4 mmol) in THF at -78 °C. The yellowish solution discolored immediately. The reaction mixture was warmed to room temperature and stirred for additional 12 hours. The solvent was completely removed under vacuum and the residue was extracted with CH2Cl2. After filtration, the filtrate was kept at -25 °C to give an amorphous white product in yield of 4 mg (5%). 
S2. X-ray crystallographic analysis
Suitable crystals of compounds 1-8 were selected and mounted on a suitable support on an Xcalibur, AtlasS2, Gemini ultra diffractometer with (Cu-Kα radiation, λ = 1.54184 Å for 1-7; Mo-Kα radiation, λ = 0.71073 Å for 8). Absorption corrections were applied using the spherical harmonics program (multi-scan type). The crystal was kept at a steady T = 123.00(10) K during data collection. The structure was solved with the ShelXT 7 structure solution program using the Intrinsic Phasing solution method and by using Olex2 8 as the graphical interface. The model was refined with version 2018/3 of ShelXL 9 using Least Squares minimisation. In compounds 3 and 4, only half of the formula unit was present in the asymmetric unit, with the other half consisting of symmetry equivalent atoms, respectively. In addition, one carbon atom on trimethylsilyl groups in 1-4 was disordered and treated in splitting mode, respectively. In compound 8, the arsenic atoms were disordered and treated in splitting mode. All non-hydrogen atoms were refined anisotropically. Hydrogen atom positions were calculated geometrically and refined using the riding model. Most hydrogen atom positions were calculated geometrically and refined using the riding model, but some hydrogen atoms were refined freely.
CIF files with comprehensive information on the details of the diffraction experiments and full tables of bond lengths and angles for 1-8 are deposited in Cambridge Crystallographic Data Centre under the deposition codes CCDC-1917287-1917294 . (2) 9.78810 (10) 9.84760 (10) b [Å] 20.8997 (7) 20.9510 (3) 20.9003 (2) 20.9742 (2) c [Å] 9.8112(3) 9.8922 (2) 9.84620 (10) 9.91700 (10 (2) 18.9346 (2) 18.9205 (5) b [Å] 12.5873 (6) 12.5856 (5) 8.588730 (10) 8.6973 (2) c [Å] 12.9030 (7) 12.9637 (4) 20.2230 (2) 20.0755 (4 (1) 2.2120(10), Si(1)-C (2) 1.849(4), Si(1)-C(1) 1.866(5) , Si(1)-C(3B) 1.949(6) , Si(1)-C(3A) 1.859(6) ; Si(1)-P(1)-Si(1)#1 98.10(6), Si(1)-P(1)-Ga(1) 109.73(4), N(1)-Ga(1)-N(1)#1 96.03(13), N(1)-Ga(1)-Cl(1) 102.94 (7) , N(1)-Ga(1)-P(1) 116.78 (7), Cl(1)-Ga(1)-P(1) 118.09(4). Figure S2 . Molecular structure of 2. All hydrogen atoms on carbon are omitted for clarity. Selected bond lengths [Å] and angles [°]: P(1)-Si (1) 2.2604 (8), P(1)-In (1) 2.4806 (8), In(1)-N(1) 2.1624(18), In(1)-Cl (1) 2.3966 (8), Si(1)-C(2) 1.854 (3), Si(1)-C(1) 1.859 (3), Si(1)-C(3B) 1.871 (6), Si(1)-C(3A)
1.907 (6); Si(1)-P(1)-Si(1)#1 100.75 (4), Si(1)-P(1)-In(1) 105.75 (3), N(1)-In(1)-N(1)#1 90.33 (10), N(1)-In(1)-Cl(1) 100.99 (5) , N(1)-In(1)-P(1) 119.23 (6), Cl(1)-In(1)-P(1) 120.49 (3). Figure S3 . Molecular structure of 3. All hydrogen atoms on carbon are omitted for clarity. Selected bond lengths [Å] and angles [°]: As(1)-Si (1) 2.3651 (5), As(1)-Ga(1) 2.4196 (4), Ga(1)-N(1) 1.9736 (14), Ga(1)-Cl (1) 2.2194 (7), Si(1)-C(2) 1.847(2), Si(1)-C(1) 1.859(3), Si(1)-C(3B) 1.861(4), Si(1)-C(3A) 1.940(4); Si(1)-As(1)-Si(1)#1 96.48(3), Si(1)-As(1)-Ga(1) 107.365(16), N(1)-Ga(1)-N(1)#1 95.95 (9) , N(1)-Ga(1)-Cl(1) 103.24 (4) , N(1)-Ga(1)-As(1) 116.16(4), Cl(1)-Ga(1)-As(1) 118.80 (2) . (1) 2.4008 (7), In(1)-As(1) 2.5632 (3), As(1)-Si(1) 2.3630 (6), Si(1)-C(1) 1.851 (3), Si(1)-C(2) 1.858 (3), Si(1)-C(3B) 1.872 (5), Si(1)-C(3A) 1.908 (5) ; N(1)-In(1)-N(1)#1 90.20 (9) , N(1)-In(1)-Cl(1) 100.96 (5) , N(1)-In(1)-As(1) 118.64 (5), Cl(1)-In(1)-As(1) 121.60 (2), Si(1)-As(1)-Si(1)#1 98.84 (3), Si(1)-As(1)-In (1) 103.252(17). (11), Al(1)-N(1) 1.9179(10), Al(1)-P(1) 2.3718 (5) ; N(2)-Al(1)-N(1) 97.47 (5) , N(2)-Al(1)-P(2) 111.81 (4) , N(1)-Al(1)-P(2) 113.70 (4) , N(2)-Al(1)-P(1) 111.79 (4) , N(1)-Al(1)-P(1) 105.28(3), P(2)-Al(1)-P(1) 115.26 (2) . Figure S6 . Molecular structure of 6. All hydrogen atoms on carbon are omitted for clarity. Selected bond lengths [Å] and angles [°]: P(2)-Ga(1) 2.3286 (5), Ga(1)-N(2) 1.9643 (12), Ga(1)-N(1) 1.9804(13), Ga(1)-P(1) 2.3531 (5) ; N(2)-Ga(1)-N(1) 95.81 (5) , N(2)-Ga(1)-P(2) 111.10(4), N(1)-Ga(1)-P(2) 113.43 (4) , N(2)-Ga(1)-P(1) 110.32(4), N(1)-Ga(1)-P(1) 104.75(4), P(2)-Ga(1)-P (1) 118.878(19). Figure S7 . Molecular structure of 7. All hydrogen atoms on carbon are omitted for clarity. Selected bond lengths [Å] and angles [°]: P(2)-In(1) 2.5252(5), In(1)-N(2) 2.1658(14) , In(1)-N(1) 2.1896(15) , In(1)-P(1) 2.5052 (5) ; N(2)-In(1)-N(1) 89. 10(6) , N(2)-In(1)-P(2) 111.34 (5) , N(1)-In(1)-P (2) 105.89 (4) , N(2)-In(1)-P(1) 108.66 (5) , N(1)-In(1)-P(1) 110.30(4), P(2)-In(1)-P(1) 122.55 (2) . Figure S8 . Molecular structure of 8 with disordered AsH2 moieties. All hydrogen atoms on carbon are omitted for clarity. Selected bond lengths [Å] and angles [°]: As(1A)-Al (1) 2.492(2), Al(1)-N(1) 1.9016 (10), Al(1)-N(2) 1.9218 (10), Al(1)-As(2B) 2.448 (2), Al(1)-As(1B) 2.475 (3), Al(1)-As(2A) 2.482 (5) ; N(1)-Al(1)-N(2) 97.77 (4) , N(1)-Al(1)-As(2B) 109.87 (6) , N(2)-Al(1)-As(2B) 116.04 (6), N(1)-Al(1)-As(1B) 116.44 (6) , N(2)-Al(1)-As(1B) 107.31 (8) , N(1)-Al(1)-As(2A) 114.09(13), N(2)-Al(1)-As(2A) 113.63 (11) , As(2B)-Al(1)-As(1B) 109.27 (7), As(2A)-Al(1)-As(1A) 113.08 (9) , N(1)-Al(1)-As(1A) 110.24 (5) , N(2)-Al(1)-As(1A) 106.85 (6) .
S3. NMR spectra of compounds 1-9 Figure S9 
S4. Computational studies
Quantum chemical computations have been performed with gradient-corrected density functional theory (DFT) in form of M06-2X functional, 11 which includes dispersion corrections, in conjunction with def2-SVP basis set (ECP for In and I). 12 Basis set was obtained from the EMSL basis set exchange database. 13 Gaussian 09 program package 14 was used throughout. Optimized geometry structures correspond to minima on their respective potential energy surfaces as was verified by subsequent vibrational analysis. Natural bond orbital analysis 15 was performed as implemented in Gaussian 09.
HOMO of 5.
HOMO of 8. Figure S32 . HOMO of 5 and 8. Table S6 . Standard enthalpies (ΔHº298, kJ mol -1 ), entropies (ΔSº298, J mol -1 K -1 ) and Gibbs energies (ΔGº298, kJ mol -1 ) for the considered processes. M06-2X/def2-SVP level of theory.
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